Abstract. The longitudinal variation of the Equatorial Electrojet (EEJ) intensity has been revised including data from the equatorial station of Baclieu (Vietnam), where an unexpected enhancement of the EEJ magnetic effects is observed. The features of this longitudinal variation were also obtained with the CHAMP satellite, except in the Pacific and Atlantic Oceans, where no ground level data points were available.The EEJ magnetic signatures recorded on board the CHAMP satellite have been isolated for 325 passes in different longitude sectors around local noon. The results have been compared with the EEJ magnetic effects computed using the Empirical Equatorial Electrojet Model (3EM) proposed by Doumouya et al. (2003) . The modeled EEJ magnetic effects are generally in good agreement with CHAMP observed EEJ magnetic signatures.
Introduction
The Equatorial Electrojet (EEJ) is a dayside ionospheric current sheet, flowing eastward along the dip-equator, at an altitude of about 105 km. This intense current system was discovered in 1922, following the setup of the geomagnetic observatory of Huancayo in Peru (Forbush and Casaverde, 1961) .
The magnetic signature of the EEJ have been evidenced in the high altitude geomagnetic data recorded by the Polar Orbiting Geomagnetic Observatories (POGO) series of spacecrafts, by a sharp depression at the dip-equator (Cain and Sweeney, 1973) . The different features of the EEJ have been investigated through more than 2000 profiles (Cain and Sweeney, 1973; Onwumechili and Agu, 1980; Agu and Onwumechili, 1981) . The POGO data have also been exploited to seek correlations between surface and satellite borne EEJ Correspondence to: V. Doumouya (doumouya@ipgp.jussieu.fr) magnetic signatures (Cain and Sweeney, 1973; Osborne, 1973; Ebun Oni, 1973; Yacob and Bhargava, 1973; Kane, 1973; Gouin, 1973; Agu and Onwumechili, 1981) . Despite the dawn-dusk orbit of the Magsat satellite, the magnetic signature of the EEJ revealed significant amplitude that affected the anomaly maps deduced from Magsat magnetic data (Langel et al., 1982; Cohen and Achache, 1990; Langel et al., 1993) . The influences of the EEJ in spatial geomagnetic measurements have been widely mentioned during the Magsat data analysis (Yanagisawa and Kono, 1985; Cohen and Achache, 1990; Langel et al., 1993; Ravat and Hinze, 1993) .
In a global sense, the magnetic field recorded on board low altitude satellites includes internal fields that originate in the Earth's interior (the main field and the crustal fields), and external fields that are associated with the ionospheric and magnetospheric current systems. Thus, each of those contributions could be separately studied through satellite data. But, their identification and separation are still difficult due to the overlapping of internal and external fields. In a recent work, Sabaka et al. (2002) proposed a global comprehensive model, designated CM3, which takes into account various contributions. In this model, only an averaged consideration is taken of the ionospheric current contributions. Such an approach would not specifically take into account the EEJ contribution. Due to the limited extent of its magnetic effects in latitudes, the EEJ should be considered as a necessary part of global models. Doumouya et al. (2003) proposed an empirical model of the EEJ, using ground-based magnetic data, recorded in a network of 26 stations during the International Equatorial Electrojet Year (Amory-Mazaudier et al., 1993; Arora et al., 1993; Rigoti et al., 1999) . In this paper, The EEJ contribution to the CHAMP satellite magnetic measurements will be studied and be used to evaluate the Empirical Equatorial Electrojet Model proposed by Doumouya et al. (2003) , referred to as "3EM". The CHAMP satellite records the Earth's magnetic field at an altitude of 450 km , sweeping different local times. Thus, the magnetic data of the CHAMP satellite are well designed for studying the daytime ionospheric current systems (e.g. the EEJ) through their associated magnetic variations. For this study, we have been provided with 7 months of data, from June to December 2001. The satellite daily passes crossing the dip-equator, along the local noon, between August and September, 2001, are employed. Among 896 daily passes, 325 belong to the time interval of 11:00 to 13:00 LT.
Data processing
The main purpose of this paper is to evaluate the 3EM proposed by Doumouya et al. (2003) against the CHAMP satellite borne EEJ magnetic signature. This work requires a preliminary separation of the EEJ magnetic effects from fields of other sources. The amplitude of the EEJ magnetic signature is very small with respect to that of the main field. This fact makes it necessary to remove an estimate of the main field from the total field measurements. Hence, the main field is subtracted using the IGRF 2000 model for the "epoch 2001.5". The strong amplitude (about 100 nT) of the remaining residuals ( Fig. 1) implies that the main field could have not been totally removed. It implies that the IGRF field represented by spherical harmonics of degree and order 10 does not account for the total intensity of the main field. Langel and Estes (1982) , and Cohen and Achache (1990) suggested a main field model of degree and order 13 for a better approximation of the main field intensity. In a more recent work, Maus et al. (2002) used a main field model of degree and order extended to 29 to remove the main field from CHAMP scalar data. It is possible that a main field model of such a high degree and order may remove a significant part of the ionospheric field itself, especially that of the EEJ.
The residual field in Fig. 1 results from the overlapping components from the Earth's crust, the magnetosphere and the ionosphere. Since the EEJ associated magnetic effects extend only over a narrow latitude band across the dipequator, they are assumed to be superimposed over a very regularly shaped background field. The long wavelength background field has been simply extrapolated under the EEJ influence area, using a polynomial fitting. A similar approach based on linear extrapolation was used to isolate the POGO EEJ signature (Cain and Sweeney, 1973; Onwumechili and Agu, 1980) . Langel et al. (1993) isolated the dip-latitude dependent fields using a Kaiser pass-by-pass filter. Notice that the polynomial fitting of the background field has not any physical basis. Furthermore, the corresponding EEJ signature depends on the degree of the polynomial, as well as on the latitude extent of the EEJ signature.
2.2 Determination of the EEJ peak F from CHAMP scalar magnetic data
The EEJ is a narrow current sheet flowing in the dayside ionosphere, at the altitude of about 105 km, with a total width of about 7 • geomagnetic latitude (Fambitakoye and Mayaud, 1976a; Doumouya et al., 1998) . Its satellite borne magnetic effects similarly expand on a relatively wider latitude band, marking a quasi-sharp depression with a peak value at the dip-equator, and sometimes two shoulders on either side. Figure 2 presents (Fig. 3 ) of the EEJ magnetic effects along the dip equator. The dotted plot represents the individual F versus the longitude of each satellite pass, whereas the blue line curves depict average behavior. In Fig. 4 , we have reproduced the longitudinal profile of EEJ, obtained earlier by Doumouya et al. (2003) using the IEEY ground-based variation of EEJ H peak values around noon. It is expected that despite the difference in epoch of field data, both satellite and ground-based plots should highlight the salient features of the longitudinal variability in EEJ. However, the compassion of longitudinal profiles of EEJ in Fig. 3 (satellite-based) and Fig. 4 (groundbased) show broad similarity, though some differences, particularly in the longitudinal sector of 100 • E, are distinctly seen. The longitudinal profile resulting from satellite data shows a strong enhancement of the EEJ magnetic effect in the longitude sector of Vietnam. It may be noted that the longitude profile of H (Fig. 4) presented by Doumouya et al. (2003) might not have taken into account some local features due to the small number of data points, controlled by the distribution of ground-based observatories. It should be mentioned that there were no observations neither in the Atlantic nor in the Pacific Oceans, as well as around 100 • E. The lack of data in the longitude sector around 100 • E can be filled by the data now available from the equatorial station of Baclieu (Vietnam). The revised longitudinal plot, obtained by the inclusions of Baclieu data, is included in Fig. 3 and Fig the International Equatorial Electrojet Year (IEEY). That model, referred to as "3EM", includes the local time, latitude and longitude dependences. The local time variation of the horizontal component of the EEJ magnetic effect was described with a Gaussian-like function:
where T is the local hour of the maximum of H in the daily variation under the EEJ, T =12:00 LT on average; t m is a fitting parameter that controls the time interval of the Gaussian-like shape of the diurnal variation in H and Z, t m =4 h. The latitudinal variation was described by the "quadratic" current distribution of Fambitakoye and Mayaud (1976) with a current intensity (I 0 ) at the EEJ center:
Where x is the northward distance from the EEJ center and is defined as: c−a<x≤c+a; a is the half-width and c the position of the EEJ center. The current intensity (I 0 ) at the center of the EEJ was determined through the expression: 
where I 0 (λ) represents the current intensity along the EEJ axis. Its longitudinal variation was studied through the mean longitude profile of H that is related to I 0 through the Eq. (3) at a given longitude. For this study, the CHAMP satellite borne mean longitudinal profile of F is used to compute the model EEJ magnetic effects.
Results of the model at CHAMP altitude and epoch
The CHAMP mean longitudinal profile of F along the EEJ axis has been used in the model to compute the EEJ magnetic signature at CHAMP altitude. Thus, the model estimates the satellite borne EEJ magnetic signature at all local times, latitudes and longitudes for a given universal time.
Figures 5a,b and show the snapshots of the horizontal (H ) and vertical (Z) components of the EEJ magnetic effects at 450 km altitude, respectively, for 00:00 UT and 11:00 UT. Each CHAMP onboard latitude profile of the EEJ signature is assumed to correspond to a single meridian traverse through these structures. Thus, taking into account the mean longitudes, the local times and the altitudes of CHAMP orbits, we compute the corresponding modeled EEJ F latitude profiles. In the next section, the resulting latitude profiles of the EEJ magnetic signature will be compared with the corresponding CHAMP satellite recorded profiles.
Comparison between the model and the CHAMP satellite EEJ magnetic effects in different longitude sectors
This section is aiming to evaluate the model efficiency in reproducing the EEJ magnetic effects recorded by the CHAMP satellite. This evaluation is performed using two different approaches. The first one consists in extrapolating groundbased EEJ magnetic effects observed in the West African network to the altitude of an overhead CHAMP traverse. Notice that a chain of three magnetic stations has been installed across the dip-equator in West Africa (Côte d'Ivoire and Mali, 5 • W), since 1998, in order to record the EEJ magnetic effects simultaneously with φrsted and CHAMP satellites.
Data from this network are used to deduce the EEJ parameters, especially the current intensity I 0 at the center (Fambitakoye and Mayaud, 1976a; Doumouya et al., 1998) . Since the individual daily parameters are used, this process takes into account the EEJ day-to-day variability. The groundbased EEJ parameters are used as input in the model to estimate the EEJ magnetic signature, taking into account the corresponding CHAMP orbit parameters (date, local time, altitude, longitude). Figure 6 shows 13 diagrams where the modeled and CHAMP borne recorded EEJ magnetic signatures are plotted for 13 selected passes above West Africa. In each diagram, the dates, local times, longitudes, altitudes and the root mean squares (rms) are indicated. Except for 17 September 2001 and 25 September 2001, when strong discrepancies of 32 nT and 42 nT are observed (the rms during these days are 5 nT and 6 nT, respectively), the CHAMP satellite borne EEJ signatures and the modeled signatures are generally in good agreement. The rms are most of the time less than 3 nT, corresponding to an accuracy less than 10% with respect to the peak amplitudes of measured signatures. The second approach consists in evaluating the model in other longitude sectors. Thus, the EEJ signatures are estimated for the selected longitude sectors, taking into account the orbit parameters of the corresponding satellite profiles. In  Figs. 7a,b ,c, the estimated EEJ signatures are compared with the satellite observations, respectively, in the longitude bands 15 • W−30 • W, 45 • E−60 • E and 90 • E −105 • E. In all these sectors the model reproduces quite well the CHAMP satellite EEJ magnetic signature, since the differences between model and data are still less than 10 nT. By the way, notice that this second approach, based on CHAMP mean longitude variation does not take into account the day-to-day variability.
Discussion and conclusions
In this work, the longitudinal variation of the EEJ intensity has been revised, including further ground data, especially from the equatorial station of Baclieu (Vietnam), where an enhancement of the EEJ H has been observed. This local feature of the EEJ in the longitude sector around 100 • E, also shown by the CHAMP satellite longitudinal variation, was not taken into account by Doumouya et al. (2003) . Notice that the correlation, shown by Doumouya et al. (2003) , between the EEJ H and the inverse main field intensity (1/B), is not verified along the Vietnam longitude sector. The origin of that unexpected enhancement in the EEJ longitudinal variation is unknown, since the ambient internal geomagnetic field intensity is stronger (about 45 000 nT). It could be related to a particular feature of the ionospheric dynamo parameters, such as the neutral wind, the conductivities, or the components of the electric field. The structure of the groundbased longitudinal profile around noon is globally in good agreement with that obtained from CHAMP scalar magnetic data. The Equatorial Electrojet (EEJ) signatures recorded on board CHAMP satellite have been extracted for the passes closely above West Africa, where a network of three stations has been setup since 1998, for recording the magnetic variations of the EEJ during the φrsted and CHAMP satellite missions. The EEJ parameters derived from ground-based magnetic data corresponding to the selected satellite passes have been used to compute the modeled EEJ magnetic signatures at CHAMP altitude (450 km). The subsequent latitude profiles have been compared to those observed on board the CHAMP satellite. The differences between computed and measured F peak values are most of the time ( about 69% of cases) less than 10 nT and the rms are less than 3 nT, corresponding to a percentage error of about 10% with respect to the measured EEJ F peak amplitude. However, on 17 September 2001 and 25 September 2001, the differences between computed and measured peak F are relatively strong, (e.g. respectively, 32 nT and 42 nT), with rms of 6 nT corresponding to 28%. The model has overestimated the satellite observed EEJ signatures on 17 September 2001 and 25 September 2001. During these days, enhanced EEJ magnetic effects are observed on the ground ( H =169 nT and H =225 nT, respectively). This enhancement is not confirmed by the corresponding overhead observation (Fig. 6) . Other satellite profiles were selected in every 15 • longitude band. Extrapolating the model to the satellite altitude in those longitude bands, a good agreement was also observed between the model and CHAMP satellite observation, as illustrated by the results in the longitude bands centered, respectively, on 22.5 • W, 52.5 • E and 97.5 • E (Figs. 7a,b,c) .
The 3EM is aimed to be used for the study and reduction of the EEJ influence on satellite internal magnetic measurements. An EEJ free main field model could be contaminated by the 3EM numerical values of the EEJ magnetic effects. The resulted field could then be inverted in spherical harmonics. This approach corresponds to the case where a main field model, based on satellite data, would contain the magnetic signature of the EEJ.
Despite its quite good estimate of the EEJ magnetic effect observed on board CHAMP satellite, a mean square adjustment should be required to enhance the accuracy of the method.
